Abstract -Much research has been done on the determination of the heating value of biomass waste, but currently no research is being done on the heating value of sago bark. In Malaysia, sago bark is an abundant waste product from sago starch extraction. This study presents the moisture content and heating value determination of paddy straw, empty fruit bunch (EFB), sago bark, oil palm kernel shell (OPKS), and wood chips. The moisture content and heating value of the investigated biomass were determined according to the British Standard EN 1477-2:2009 and bomb calorimeter, accordingly. It was observed that paddy straw recorded the highest moisture content at 97.75% wt. This was followed by EFB 95.34% wt., sago bark 96.05% wt., OPKS 95.28% wt. and wood chips 11.61% wt. 
I. INTRODUCTION
HE world oil crisis of the 1970s highlighted concerns over the scarcity of resources [1] . The rapid depletion of the fossil fuel reserve, as well as climate change and the over-dependence on oil, has driven the world to renewable energy sources, which are abundant, untapped and environmentally friendly [2] . Biomass offers important advantages as a combustion feedstock because of the high volatility of the fuel and the high reactivity of both the fuel and the resulting char [3] . Co-firing of biomass residues mitigates greenhouse gases by avoiding CH 4 release from the landfilled biomass [4] . In Malaysia, it is estimated that potentially 1340 MW of energy can be generated from biomass by 2030. As of July 2009, there is 39 MW installed capacity under construction under the Biogen Project. The biomass involved is palm oil waste (empty fruit bunch-EFB) and agricultural waste (wood chips, rice husk, etc.) [5] .
Currently, Malaysia has huge resources of biomass from the palm oil industries, which contribute 85.5% of the more than 70 million tons of biomass [6] . The palm oil plantations generate a huge amount of waste, such as chopped trunks, dead fronds, empty fruit bunches, shells and fibres. There were about 4.08 million hectares of palm oil plantations in Malaysia in 2009. In 2009, it was estimated that around 747.20 million tons of empty fruit bunch and oil palm kernel shell (OPKS) were being collected during the pressing of sterilized fruits [7] . Wood waste in Malaysia is mostly found in the logging industries. The total land area in Malaysia is 32.98 million hectares. In 2009, the total production of logs based on the total land area was 18.27 million m 3 [8] . In March 2005, the Cabinet tasked the Ministry of Plantation Industries and Commodities to pursue an aggressive program for the development of forest plantation in Malaysia. Under this program, the Ministry has planned to develop 375,000 hectares of forest plantation at an annual planting rate of 25,000 hectares per year for the next 15 years. Once successfully implemented, every 25,000 hectares of land planted is expected to produce 5 million cubic meters of timber [9] . Therefore, this program will increase the quantity of wood residue every year, which can be used for bioenergy. In Malaysia, rice is the main food crop and is grown on small farms. According to Wong and his team, there was an increase in rice production from 2004 to 2009 of about 7.88% [10] . Due to the demand for rice, the paddy plantation area and yield of paddy per hectare has also increased consistently every year. In some countries, paddy straw is used for cofiring with coal power generation [11] , [12] . 
T
In Malaysia, approximately 90% of the sago starch is produced from the State of Sarawak. Recent development in sago starch research leads to a total of over 60,000 hectares being cultivated with sago palm [13] . Daily sago starch production is about 24 tons or equivalent to 20 kg (15%) of starch/log [14] . In modern sago starch extraction, 0.5 tons of sago bark waste are produced per ton of dried flour [15] . Normally, the bark is not fully utilized for higher value added products and, until now, there has been no clear new technology that can be adapted for alternative sago bark utilization.
Corder [16] and Kelsey [17] conducted extensive research on the heating values of coniferous and non-coniferous species but did not include sago bark in their analysis. This paper aims to contribute the knowledge of sago bark's heating value and compare it with other abundant biomass wastes in Malaysia. This will help to examine the possibility of using sago bark as renewable energy in Malaysia. Table 1 shows the typical proximate and ultimate analysis of empty fruit bunch (EFB), oil palm shell (OPKS), wood chips and paddy straw. 
II. MATERIAL AND METHODS

A. Moisture Content
Determination of the moisture content of the samples was conducted in the Chemical Engineering Analytical Lab (UNIMAS) according to the British Standard EN 1477-2:2009 [24] using a Binder drying oven with natural convection (Figure 1 ). The size of the investigated sample was ground to (1.0 ± 0.1) mm, and the weight at all times was about 200g.
First, an empty clean drying container was weighed to the nearest 0.1g. The sample investigated was transferred to the drying container. Then, the drying container with the sample is weighed to the nearest 0.1g. The drying container with the sample was dried in the Binder drying oven with convection controlled at (100±0.5)°C and weighed before and after drying. Finally, the drying container with the sample was heated until constancy in mass is achieved. Constancy in mass is defined as a change not exceeding 0.2% of the total loss in mass during a further period of heating at (100±0.5)°C over a period of 60 min. The moisture content, M ar , of the investigated sample as received is expressed as % of total mass using (1). The result is reported on a wet basis.
where M ar is the moisture content in the sample as received, m 1 is the mass in g of the empty drying container, m 2 is the mass in g of the drying container and sample before drying, m 3 is the mass in g of the drying container and sample after drying, and m 4 is the mass in g of the moisture associated with the packing. The results are calculated to two decimal places and rounded to the nearest 0.1% for reporting. There are three repetitions of this procedure from the collected bulk sample and result are reported as an average. 
B. Heating Values
An estimated 10kg of paddy straw and wood chips were collected at Kota Samarahan; 10kg of sago bark was collected at Bau; 10kg of EFB and OPKS were collected at Serian. In this research, a Sanyo Gallenkamp bomb calorimeter was used to determine the heating value of the solid samples according to (2) on a wet basis (Figure 2 ). All the biomass samples were blended and weighed at approximately 1.0g each and then were pelletized with a Gallenkamp briquette presser. The pelletized samples were put in the ignition cup, with wire wrapped around the ends of the electrode terminals. A cord was bent into good contact with the compacted pellet sample but without touching the ignition cup. The outlet valve on the bomb was closed and 30% of atmosphere of oxygen was injected into the bomb. The bucket was placed into the insulating jacket. A total of 2 litres of water was introduced into the holding bucket. The lead wires were attached to the bomb while the bomb was placed above the water. The bomb was lowered gently into the bucket. A thermometer was lowered into the calorimeter. The fired bottom was pressed simultaneously with time keeping, and then the initial temperature was observed for several minutes until equilibrium was reached. The evaluated temperature and time were taken every minute until equilibrium was obtained. For each test to determine the heating value and moisture content, all the readings in this experiment were taken three times for repeatability and the average of these readings was taken for final analysis.
where C apparatus is the heat capacity of apparatus (J/K), T  is the temperature rise (K), and M f is the mass of fuel sample (kg). 
III. RESULTS AND DISCUSSION
A. Moisture Content
A comparison of the moisture content of the as received collected biomass is shown in Figure 3 . Paddy straw recorded the highest moisture content as 97.75% wt. This was followed by EFB 95.34% wt., sago bark 96.05% wt., OPKS 95.28% wt. and wood chips 11.61% wt. The moisture content of the biomass can vary significantly from 20-60% due to local and seasonal weather [25] , [26] .
Information of biomass moisture content can assist in combustion efficiency and pollutant control. Biswas et al. [27] discovered wet biomass fuel (moisture content: 12%) required longer combustion time compare to dried biomass fuel (moisture content: close to 1%). Moisture content of biomass are found inversely proportion to ignition front temperature, process temperature, ignition front velocity, equivalence fuel/air ratio, and overall burning rate [28] . The increase of biomass moisture content will retards the hydroxyl radical (OH*) and methylidyne radical (CH*) emissions and decreases the maximum values of these emissions [29] . Liang et al. [30] found that the average concentration of carbon monoxide (CO) and carbon dioxide (CO 2 ) inversely proportion to the moisture content level of biomass. Moisture content of biomass also have effect on lowers ash deposition rate and reduce chlorine deposition. Shao et al. [31] identified the combustion of relatively wet solid fuels lowered ash deposition rate and reduced chlorine deposition. In addition, moisture content also play a significant role in the increase of pellet density [32] . Generally the determined dry state heating values of the investigated samples are close to those in the work of other researchers [18] - [20] , [23] . Factors that affect the heating value are species, wood density, and moisture content [33] . The heating values of OPKS and wood chips are higher than sago bark. Generally, OPKS is utilized as a fuel to generate steam and electricity in the palm processing mill itself [11] , [12] . Wood chips generated are used as fuel and fertilizer [36] . Although the heating values of paddy straw and EFB are lower than sago bark, both are generally used for co-firing with coal power generation [12] , [37] . In view of the underutilized resource of sago bark in Malaysia, it has great potential to be used as a fuel in co-firing with coal power generation. [23] 19.30 [18] 22.97 [19] 18.00 [20] (1) Paddy straw recorded the highest moisture content as 97.75% wt. This was followed by EFB 95.34% wt., sago bark 96.05% wt., OPKS 95.28% wt. and wood chips 11.61% wt. (2) 
